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(57) Abstract 

A piezoelectric transformer which can produce a high-voltage and large-current and has a low output 
impedance. Deterioration of the characteristics and breakage due to heat do not easily occur even when its thickness is 
an thin as 2J5 mm. The transformer is a rectangular plate having a thickness of 0.5-2.5 mm and made of a piezoelectric 
ceramic provided with a thickness-direction polarized section which is formed by polarizing part of the rectangular 
plate in the thickness direction and functions as an input section and a length-direction polarized section which is 
formed by polarizing the other part of the rectangular plate in the length direction and functions as an output section. 
The ratio of the length to the width of the rectangular plate is 0.2-0.6 so that the secondary resonance frequency 
generated when the transformer oscillates in the length direction while the output section is open is almost equal to 
the primary resonance frequency generated when the transformer oscillates in the width direction. 



(5 7) £ft 

il © B W * « Jifc t-«fcJ6fc*|feWK:<k*E* h 5 ^ x li v 
0. 5mm~2. 5 mm © J? h & # t S & 0 ¥ « 0 4* fc: ^ J£ $ ft 5 
i*t > ±E£0¥&^tK©-$£J?*#|Sifc:#ffiLTJ£i£;* 
nfcA*.*4LT*jH^*J|t*^ft^S*4 % ± E *g » « « 

&?£¥«J&4K©&$#|SJ £H#|Si©^?£&£ 0 . 2-0. 6i 
3 C ifcJ: D±sBffl#®©^tt#J|gfc;feMJ£g$;£|Dijgi&£ 

mo 2 & ±m* ft mm mm® lfc&m mtgL&tz® 



AM 

AT 

AU 

BB 

BE 

BF 

BG 

B J 

BR 

BY 

CA 

CF 

CG 

CH 

C I 

CM 

CN 

CZ 

DE 

DK 



h 7 y T 

7*7 

^7 A*— is 



EE :x*h~r 
E S ^ 

FI 7 4>7'S K 

FR 77^ 
GA 

gb -f^y* 

GE 9fi>*?T 
GN 

GR *cV*S\ 

HU ^>;try — 

IE T^A^VK 

IS T^a^K 

IT >f*y- 

JP B* 

KE *-T 

KG ^rvM 1 **^ 

KZ *f7X^y 

LI y try^^y 



LK xy^y* 

lr y^<yr 

lt y hr-r 

LU frtMVT'A'if 

LV 7hV4T 
MC 

MD ^>PK/< 

mg ^?$**a> 

ML -ry 

MN ^r/*- 

MR ^^zT 

MW V7!>-r 

MX 

NE 

NL 

NO JAr*;*— 

NZ = a —M^K 

PL tf-^K 

PT tfA^tfA- 

RO A— r^T 



RU n^T®« 
SD *V 
SE 7*^ 
S G ^ 

SI XD^x^T 

SK X 2 27*T*fcB 

SN 

SZ XP^y^K 

TD fHr-K 

TG h-^ 
TJ 

TM hA^>-**> 

TT M=^-K- b'<* 

UA tr*74J- 

UG frtfv*' 

us #@ 

UZ ❖ X^+xj^frg 

VN !/>fihtA 



WO 95/21463 PCT/JP95/00151 




* w © % m 

BE M b ? v x 

*fc**Wtt«fi[**«»fi#K:jt»-cS SEI h y v x ft: m 
t £ O T £ o 

io irmsffi 

■fe ■» If ^ „ V^»*9»yh»^i5J:0t/<-i, k ? -f 9 4 -f ® 

HLfc«k?4|t*^&|ftoESh7y^li, * 0 til # #] 
JI& J§ 1*- £ *& K: > il # & ^ ¥ & ^ ft & 0 $ ft J£ # ^ # £ 

25 »IItti7^fno.ff*||^iifl[t5i^, 



WO 95/21463 



PCT/JP95/00151 



- 2 - 

* IC & S i tt * o 

l ^ t ir< t> „ ft* <d mm h ? > * a ^ m^nmm^mun 

mmizimm-c&^izo a *> N ^ign? y 7 $ * a # k w 
*> % * o toumm-cmntE txnHLWRistcn $ ti & * 9 

*^ ^ 5 A* 0 ^1* ft ® felt li i* $ n t U tt ^ 0 0 i<3| 

*. £ ft "T ^ ^^LTffi^tcillSSttLA^fet)^ £ © & 2 . 5m 

y k* - ^ y X £ LTffl^Utfed, ^^OlI^^iOKO^ 
v f - ^ y x © £ £ ( v „ * y >T ) l44<*HSftTl>j|£^, 

o 

t4fc%N $*^£©E^h5yxte^ ictuf^oii 

& W (CRT) C75^»H5y7tLT|»SftT6 
»5 ^ Clftb©^^^©^^^ X b* - ^ y x 1 0-7 OMQg 
h 7 y x © ft ^-/^4<»lk Qggi 
ig<Tk±i2fl£ffifcttLT**itfl~2tfriE<{g< N §g JS ± 



WO 95/21463 



PCT/JP95/00151 



- 3 - 

x b v*ftmme>&ttgiW^<Dmm%mmt l h a * ^ * 

10 &W®Wm 

not, 0. 5 mm ~ 2 . 5mm©Jl[*£W-9 u **e^¥«0ft£ 

tt ») n ±E«^¥«^tt©ft32Ffl£«#ft©Tj-£ifc*0. 2 
~ 0 . 6t-r*«l4lcJ:»)±EtB**©MtkttttK:*?^Sfi* 

&ifc££B&-£c£-£;fcEm h 7 ^UllltJ *> © 3 0 
25 * fc , * 16 IB tt > »BEfttt*5. ^^^X ho J Jf*fi«rJ»sp«k 



WO 95/21463 



PCT/JF95/00151 



- 4 - 

<«*3tf*fc»lcffi*h9:'Xi:£fiflrni©W«W4 ^ e - 
Ot-/xUftTHKitRiitH<D?, 0. 5 

io © & $ # n t ft © ^mit * o . 2-0. 6its 

©2&*jg*-K©#jgJi&£J:£. ±fBA^^o|§i!t^ii|{c*j 
tts»s:ji»$gjg©*:t#g*- h ©*££«&£«&-#** 

£ra#fiSI&£S©*mE»&*ii8-ifc*tf*:EEm h 5 vx£ 
BEt F 7 C i*Hii t5 feCts 0. 5mm~2. 

% ¥ « jfc $ © - * m h -n n # m l t 0 & $ ti tz a % t 1 . 

25 g£#fi£«I#|Sj©^-&it£0. 2-0. 6 i t K i I: J; t) 



WO 95/21463 



PCT/JP95/00151 



- 5 - 

5 5 o 

* # ffe HJfcU ±fBJ?*#fi#£$©E@#*B*f|a)-3 u S<l:9 
10 Bli<DflI««:ttin 

12 T * £ o 

15 S& 3 Bltt . $10t^Lfc*^i!9l:J;5Efh7y^©-I 
$ 4 1 li > #»IHK:J:*EE* h 5 ^ oftOltlPI^ * t « 

H El -e * £ o 

# f£ BJJ © E € h 5 v x 1 J*. J¥*#|S]#&S&£:R$;S|ii]#@ 
SBSrfit^LrtiE^-fe? $ » * x 6 tt ») v 1 ali)¥*:£|Sl#S§B 
© ± ® S @ T- > 1 b liTil6-e* 5o ^SliMIil a <h 1 

25 blS©Elt5 s * *x©J?*:#|fi|fc?SttEE*l3JflllLTfr*>ft 



WO 95/21463 



PCT/JP95/00151 



- 6 - 

•e. 1 d I* E « -fe 7 $ 7 ^offiSi:l$tifcIg-C*5o # ' 

5 !«] S # SB 1 a £ 1 bigfcE^LTiw«i:^&IfrgB^£©®i&fiB£ 
W flD $ *i ^ ffi^Jtfl c il dia^?)JRf)lll$n5{II*t: 
iot^lSfti? v:/^^&*T$*l£ 0 Cftfco^TttJSfc] 





5 o 












, t 0 I ^ li 0 5 — 9 5m 


m N 






£ 2* I«] © & £ L i 0 Jt W / L 


li 0 




2-0. 6®fiHs *fc 




* £ 




TCttL/Tttl 0-1 


00i«-6«b-5^^fiSc$ti. «fc 






L<tt^±EttW/Ltt 


BIO. 5£ttS«fc5fc^£fc± 


Sib 


L 


/ T tt « 3 5 i <£ 5 J: 9 














o 






% h 




y 7s ® — MM m *? # * 






t? 






1 © 


BE 




a, lbISi:I*©Sii0i 


»« 


BE 


* 83 flu L t § *? «• * 






o 


»2HC*^TAlttS 


zjjftnmmmiziniz i & * 






K *? S * j§ > A 2 


{* ft 2 & * £ * - H fc *» y- * * 






A5ttB-3**JB*-H 




S o 


2 





WO 95/21463 



PCT/JP95/00151 



- 7 - 

5t> A4**2fc#S*-F0R*fij6-e. *S^A2iS* 
j§ £ A 4©P^fcli^ljgt^Lfc£EM h 7 ^ X 1 © if # |S] Jg fr 

£I!!*jg£A3te. 2 & * jg _ K 4s # £ * jg £ A 2 & 2r 





u 


X 




© i 


1 n 
I u 


e 


> 


■44" jfefc jW- /t\ >^ v — l. > m • ^ . x * -« ^ a juu *»t . 

K»Wl£© 7 < T * V 9 u v li 1 . 5 ~ 2 H £l£ £ 






3 


\ 




4" > 




t° 














©&m> ± IB — o © * Jg ^ £ J£ & t 5 ^ » & © B S& x 


* ^/ 




** 








15 


ta 




«ffi<Milf 1-1 0 k VOlIffi-eSottffltjS 








X 


1-1 0mAO**jt$|i|*?§s:icjU»), aj ^3 








■x 












A # £ *3 V* T „ fife * © EE * h 5 v X *-o T tt 


1 2 




V 


© 


A#mEET& + tt^LffcWs UTy^TL^A^T 




20 






*< > *»«fcJ;«EEI>5 yxlic*oTtt*7y 


^ 7 






I* 


•5*«**A*-C*«Ji4*<l|B-C*"C^5 0 








t 












^ 1 © / - PUCo^titT** 4, 5fc *> & 












£ IB 


25 








$ $ 



WO 95/21463 



PCT/JP95/00151 



- 8 - 

* o 

10 »3E9tt» lHK*Lfc*»WCJ: 5ffi« h.5 y xo-ii 

15 f^Rc*i*TBllift*2rftStt&ftlc*tt«l&&S 

* - It S ^ I L B 2 Isl 2 * Jg * - K \z & V 5 * Jg 
& & ^ L > J10*jg^B2lc*>MtSttJ*>f v k* - ^ y x li ^ 3 
kfi^^L^o B 3tt$2EI£#J!LT&'<rt:2&*Jg* - K 

©*«^A2^&^i:«^ffiife0«E*g3»DLyt^K:fc^s#tt 

20 & £ ^ L . :©#il^B3i:iMna^'fyf-yyxii|5i3 

* - K tc # S * *I & N B 4tt«S^|Sl«i!i^S0l^it^t- 
Kfci!lU*SjS****U ± IB * jg £ B 4 fc *? # 3 tu # ^ 

25 *56IBK:«k*BE*h5>'Xtt N &!;:*>&'<*:J;9{;:&Bt@Sfc 



WO 95/21463 



PCT/JP95/00151 



- 9 - 

> £ - y v x wffim t k *) ^ M; ft fti iz a m jj j v \z - y v x z 

5 m *. \i , »3HfcwLfc#£*$ttfc*?tt*#ttj&B'3*» 

* > -i-tt*>*»2ig-p»iwLfc*s^A2*iifc*jgjiii[a 

< LTl^<*|fi|TltLTft2 0kOO|||A^ytf-ry7* 
3* If! 3 El *? 5 * jg £ B 4 iE t fr < fr. $ £ iii # 
10 ytT-^y^*fi< Lfc I* 5 y x © g $ # ft 

3 k Q o mil ^ v £ - y v x * * ir f$ 3 S 4s # S * Jg & B 2 
iS o' ^ "Cfx < tii:i!)fflh5 y x © tti 2} -f y e - y > x 
li^^tcfiT$*5ui^-cl5 0 Blg-rtilfx BE « h 5 > x 
15 £ ± IB * jg & B 4**^ttB2*»*CiO-C§«Jia[»[*W 

^3^f y f-r ^^ftsfff F 7 y z * n ?> ti z z t iz K 

&. ± <z> * o k & jjj > e - y y * * & y -e % n k ^ mm±, 

20 It £ ft © X 2l * f - ^ y x t EI h 5 v x © tfi # -f y \£ - y 

*&fcK»iiigs««fcflB#ttimatfci?s*ci»=ttSo 

»4Htt*l6iWfc:«k*BE* h 5 yx©ffe©fia(6 0ij£*i|- ft'fe 
25 B * S . :©HiWfcfeit5S^h7yxl0lii^Ilffl 



WO 95/21463 



PCI7JP95/00151 



- 10 - 

im^mit 2 ®) ^oiSlfiKtMi: & 'ft L. T fr ft BE . 

5 IF 5 i' X 1 £ > E « h 5 ^ X 1 0 O * m&L* Z Ef h 7 

SfESM^10li> i-TSSIlOa, 1 0 b t 1 0 
a'. 10b , #fl^ftfcJ|^:£fl#Mg&£A:#S&£LTffl<,>. 
IttlilO'c, 1 0 c ' till Od, lOd'^JfeStifc 

io m*t z&zxtoauMtoijsn t trm* z t> o-c * z o 

4Blfc^-r t k-5tca^<B, 0(1 x. 2 II . *©**:fr|S]#@gB<D 
£ e> . ^40^E^LfcMyiJ^Siffl0ffi« h 5 vx 1 0 £ 

2 *r > « * £ *> -a- s t Ajjnm t taiin&Kft® mm h ? > * 

20 lfclfcLT4~6£KUti*L^ 3&fc3*t^Sfc£fc-e-S£A 
*f«ia**Ett*OE*h?yxlfcttLT6~9fttJ| . 

^J®S!iffl©ffi«h 5 y x 1 0 £ > Mte£fc>£*iTl$fi&£ti,£E 
25 EE « h 7 ^ x 1 0©Sfc£*>tffctt**!l»'**3;:£K:,J:D N 8 



WO 95/21463 



PCT/JP95/00151 



- 11 - 

© fti ft Z % Z Z. t & T £ £ o 

ffi$tlfetU^^*<l^. 0. 5 mm- 2. 5 mm O J? * * ft * 5 *g 
5 ttK^I.StlfcEI-b 5 $ * 9 7 K * ± IB 111 # « 

©Wtttt«©fi*;«rflfi»»»K:*?#S2fc*S*- K © & jg 
H»»t*^«JB»*ttl!:*»t*l»*S* - K © * jg H & & 
*>±!E£0¥«0tt©ftS#fi<htB#ffi©^&ib£O. 2 ~ 

10 ^ S o 

' &±©*fJi!ct**itf> ±!Ei&-&S*fc*}gE&£fc£W-*-s 
I|i***-i:J:!)fftM^tI»tKil:J:5^ S 
SffSh 5yxi^61~l O kVOltE^iff 1-vl OmA 
©*€afe*HB#fctil:*J*C&<5 C i 5 „ 

ffm h 7 y 7 o tp jfesg iz SRH P3 jfc # © / - KS&tf^idcTrSS 

# g « t ft $ 15 n # m $ © £ if a ® © j& # « * fit £ * *• m ® -c 

20 SI «fc 8 * ft * Z £ I* V* o ftRtgrajfctt©/- 

k « # . a«J¥*^fl^««is*^ri&i»s*©*i!iiSftT?* 

% ■ ift 2 . 5 mmHT i ft -j t t>$£*©E* h 5 v x © «fc 9 fc ± 
25 Si^iS«tS^C«at5Ci^tt<^ ^o#&©&Jb^fg 



PCT/JP95/00151 



- 12 - 

»LT«*CS|iil^ ui t> ft W 0 ft *> N 0. 5 mm W.m® 
S £ . A*^*SlMiffl^3^0V>#tl^ — # © * Jg # & £ 

±> ^ £ it © A # W yt-/niffl h 5 V X © & # W v 
e-r>x©-r»^y^**S-C* % u © H , IS fl ffi © A * 
<i v h* - r v * © & £ fc J; 0 EE ^ h 7 ^<D||*(fiTtK 
10 £ # ft < „ i*Ji/^-fil»|$*i<fliHK^T* 

£ ^ &£fcM©ff€h7VX£*0j^*;#|S|#;gg|$ ( j)|^)|g;£. 

15 £ t ft *) ^ ^l^lt^IlTlsaiif LT^„ ftlx. 

-o©ffSh5>'X-ett^JELyi:««W^S*Ji^:T§ > 

L T 1^5 „ 

20 



25 



WO 95/21463 PCT/JP95/00151 

- 13 - 

H # © ® ffl 

1. 0. 5 mm- 2. 5mm©J¥*£#*S£i?¥;&J&ttfcli£JE>S 

x mm* tut auw t LTMM + zm*ijftftmmk^m 

© & it £ 0 . 2 ~ 0 . 64^5c:tfci:»)frietfl^aJ© 

2. 0. 5 ran - 2. 5nm©J?**Wr<5^^5p^^^»c^0$ 
15 fc&B¥-M&1K®m®*%:1s%foK&mLTmi£Ztiiztii 

0 ^ & it & 0 . 2-0. 6 ttSCiCiK tEtll^SIS 
0^ftttSfc:is#S&$#fljII&£J§0 2 & * jg ^ & £fc 

& m m m <o 2 k^mm®.®. & l < am^^mmmmo 1 & 

25 x o 



WO 95/21463 PCI7JP95AW151 

- 14 - 

• 4. 0. 5 mm- 2. 5mm<DW** : gtzmB¥WL&tt.KffcBt$ 

•c j& fife $ ft ^ a * sb £ l -c t$ m t s w * is n # m s& t „ m 
5 -ft m t t x m m t * & s # isj # & m m z. * e « * 5 

© ^ & it £ 0 . 2-0. 6<tt5cl<i:tcJ;*)irEai^^© 

10 ntfotfclt, KeV»«A^f «oRf R2i)t4B 

5. 0. 5mm~2. 5mm©Jg*-*#-rsffi05|iK^^t-fife^$ 

O & Jt £ 0 . 2-0. 6 i t 5 C 4 t J: DUEfllA*® 



25 



95/21463 



PCT/JP95/00151 



-1/3- 

Fig. I 




-f(kHi) 



WO 95/21463 



PCT/JP95/00151 




WO 95/21463 



- 3/3 - 

1 EI h 7 y x 

1 a Jt M m li 

1 b Till 

5 i c ftttnm 

1 d la H 

10 BE M h y y * 

1 0 a . 1 0 a 1 liii 

1 0 b , 1 0 b ' — ••• Till 

10 1 0 c . 1 0 c ' ^jj^^I 

1 0 d . 1 0 d ' % & 



15 



20 



25 



INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/JP95/00151 1 


|A. CXASSIHCATION OF SUBJECT MATTER 

Int. CI 6 H01L41/08 
1 According to International Patent Classification (IPC) or to both national classification 


and IPC 


B. FIELDS SEARCHED ' " 


1 Minimum documentation searched (classification system followed by classification symbols) 1 

Int. CI 6 H01L41/08 


D ^f te on^"tt° lhCr thaD ^ 1 " D *— «■*» to the extent that such documents arc indudcd in the fields searched 

Jitsuyo Snman Koho 1926-1995 1 
Kokai Jitsuyo Shinan Koho 1971-1995 


consuJlcd dBnD * »* international search (name of data base and, where practicable, search 


terms used) | 


|G DOCl 


JMENTS CONSIDERED TO BE RELEVANT j 


1 Category* 


Qlation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim Na 1 


I P 

I Y 

Y 


CD-ROM of the specification and drawings 
annexed to the recording application of 

SR??5J^ U S"J y M ° del A PP licat ion No. 
8549/1993 (Laid-open No. 70261/1994) 
(Hitachi Mizusawa Electronics K.K.), 
September 30, 1994 (30. 09. 94) , 
Lines 2 to 7, column 1, page 2 (Family: none) 

JP, 55-113388, A (TDK Corp.), 
September 1, 1980 (01. 09. 80), 
Lines 3 to 8, lower left column, page 2 
(Family: none) F y 

JP, 56-131978, A (NEC Corp.), 
October 15, 1981 (15. 10. 81), 
Fig. 6 (Family: none) 


1-5 1 
1-5 


J 1 1 Further documents are listed in the continuation of Box C. 


1 1 See patent family annex. 




\ w Y~ categon^ ut d«l do^mmis: ^ later docuinempubfcbcd after the mtt^ 

A Jf2 in i«^^«hegeii«aJsuu,oftte date and not in conflict with the ap^S^^ to 0 ^2SS 

to be of particular relevance the prindple or theory ujuleriying^invention^^ ^ ^^^^ 
\T„ v*™***™ 1 * bttt ^ 0D <* the international filing date -X" document of particular relevance; the da^ 
1 ISST* "Mch mxy throw doubts on priority daim(s) or which is ^iS?.? 0 ^ m aus ^ >t te considered to involve an inventive 
1 cited to establish the publication dale of another citation or other when nocument is taken alone 

special reason (as specified) ™ 1 

j"P" document published prior to the international ruing dale but later than being obvious to a person skilled in the art ""^ combiM,ioI > 1 
the priori* da* cbimed -&» document member of .be same p^eo, family | 


1 Date of the actual completion of the international search 
May 12, 1995 (12. 05. 95) 


Date of mailing of the international search report 
May 23, 1995 (23. 05. 95) 


Name and mailing address of the ISA/ ~~— — — 
Japanese Patent Office 

Facsimile No. 


Authorized officer 1 
Telephone No. j 


rorm i^i/isa/ZIU (second sheet) (July 1992) ' — 1 



b m m 2 « 



BBSHJHS^ PCT/JP 



9 5/0 0 1 5 1 



A. J69KDHT (gSR*fSt#S (IPC)) 

Int. CZ° H01L41/08 



B. BS*fTofc#» 



«i*ffote«/jNRR» (BBS*§W*S (IPO) 




Int. CZ« HO 1 L 4 1/08 








B*5fU8fr$&« 19 26 


—1995^ 


a *m&&mmm*t<2:n 1971 


— 1 9 9 5*£ 



P B*B*/l§m**«ffiJU-8 5 4 9-*( B*H*«*rM 1-5 

ftWI^B 6-7 026 1*) 

BIOCD-BOM ( ft5t£**t B5:2tC^^^^ h ) , 

3 0. 9& 1 99 4 ( 30. 0 9. 9 4), #2^-^, & 1 «, 
»2-7fi(7TH-4L) 

Y JP, 55-1 1 3 38 8, A ( *«ftft«***£*t ) , 1-5 

1. 93. 1980( 0 1. 0 9. 8 0), 
»2-*-i\ £T«, «3-8fJ( 9-4L) 



0 C«08£lCfe*|gb^#aftT^*o 



12. 0 5. 9 5 



B$S#ffff (ISA/JP) 

1 0 0 

X«*FHtfflg«*<H=T§ 4 S 3^- 



ryj «*c8§£a>fc6:£j&T&^T, 1 «±<d;£ 



23.05.95 



tfiffrSSS (fcl?i<D£*«ft) 4 M 9 2 ' 

ta W i& — :^©' — 1 — ' — ! — l 

03-3581-1101 fifc 3464 



«5tPCT/I SA/2 1 0 O^^-i?) < 1 9 9 2*7M) 



a m m $ « 



SRfflmre pct/jp 



9 5/00 15 1 



JP, 56-1 3 1 978, A( B**»t*5t£*t ) , 
15. 1 03. 1981(15. 10. 81), 



4, 5 



««PCT/ISA/2 1 0 (*2t-.i><DIg») (1 9 9 2*7J!) 



